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Abstract 

A protective effect of calcium on colorectal cancer, one of 
the most common malignancies in Western societies, has 
been supported primarily by results of in vitro animal 
studies. The present review summarizes the available 
epidemiological evidence for the association between 
calcium, vitamin D, and colorectal cancer. The overall 
results from over 20 published case-control and cohort 
studies suggest that calcium intake is not associated with 
a substantially lower risk of colorectal cancer. Findings 
from large prospective cohort studies, which should be 
least affected by methodological bias, have been notably 
consistent in finding weak and nonsignificant inverse 
associations. Whereas the relation between calcium and 
colon or colorectal cancer has been studied in numerous 
epidemiological studies, the role of vitamin D has only 
been addressed in a few of these investigations. The 
available results for vitamin D suggest that this 
micronutrient is inversely associated with risk but, given 
the scarcity of data, additional studies are needed to 
investigate this relation in more detail. 



Introduction 

Although a genetic predisposition may be important in some 
individuals, diet is thought to be a major etiological factor for 
colorectal cancer (1-5). A possible protective effect of calcium 
against colon carcinogenesis has been suggested by results of 
animal studies (6-9) and in vitro studies in human epithelial 
cells (10). It is hypothesized (8. 1 1) that calcium might reduce 
colon cancer risk by binding secondary bile acids and ionized 
fatty acids to form insoluble soaps in the lumen of the colon, 
thus reducing the proliferative stimulus of these compounds on 
colon mucosa. It has also been suggested (12) that calcium can 
directly affect the proliferative activity of the colon mucosa. 
Intervention studies in humans on the effect of calcium sup- 
plementation on cell proliferation have yielded inconsistent 
findings (10, 12, 13-20). Vitamin D may protect against colo- 
rectal neoplasia by reducing epithelial cell proliferation and 
inducing differentiation, and this activity may be mediated 
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through the vitamin D receptor (21-22). Experimental findings 
in humans and animals suggest that vitamin D inhibits cell 
proliferation (21-24). 

Despite the considerable number of studies in humans, in 
cultured colonic malignant cell lines, and in experimental an- 
imal models, the possible roles of calcium and vitamin D as 
colorectal anticarcinogens remain unclear. 

Ecological Studies 

Rates of colorectal cancer vary widely around the world. Var- 
iation in rates is also observed within countries when different 
regions or religious groups are compared. The relation between 
colorectal cancer and calcium intake can be assessed by exam- 
ining associations between cancer rates as they occur in differ- 
ent populations and their corresponding dietary habits. A num- 
ber of investigators have reported associations between per 
capita consumption of milk or milk products and national colon 
or colorectal cancer incidence or mortality rates (25-33). Over- 
all, these correlational data do not support the notion that intake 
of milk or milk products is inversely associated with risk of 
colorectal cancer. When data for milk or milk product con- 
sumption is plotted against rates of colon cancer mortality, a 
suggestion of a positive association emerges (Fig. 1). One 
apparent exception in these data is Finland, where the per 
capita consumption of milk and milk products is high, yet the 
rate of colon cancer mortality is relatively low. Sorenson et al. 
(34) have noted that areas in rural Finland, where consumption 
of calcium is high, have one of the lowest colon cancer inci- 
dence rates among the developed countries, whereas Helsinki, 
Finland has a higher incidence rate and a lower level of calcium 
intake. Furthermore, Reddy et al. (30) reported a greater intake 
of milk in Finland, a country with low rates of colorectal 
cancer, than in New York, a region of high rates but with 
comparable fat consumption to that of Finland. McKeown- 
Eyssen and Bright-See (35) have conducted a more complex 
analysis of their ecological data. In their results, the correlation 
between the availability of milk and milk products and age- 
adjusted colon cancer mortality was 0.40; after adjustment for 
the availability of animal fat, the correlation changed to -0.30. 

Variations in colon cancer rates are also seen within coun- 
tries. In the United States, Mormons, who consume greater 
quantities of milk products, have lower rates of colorectal 
cancer than all United States white individuals (31). However, 
they have other dietary practices different from the rest of the 
United States. Similar observations have also been made in 
Japan (29), where a negative association was seen between milk 
product consumption and colorectal cancer rates; however, no 
account was taken of potentially confounding factors. 

Traditionally, ecological studies have been considered the 
weakest form of epidemiological evidence. The primary prob- 
lem of these correlational studies is that many potential deter- 
minants of colorectal cancer other than the dietary factor under 
consideration may vary between areas with high and low inci- 
dence rates. Such confounding factors can include genetic pre- 
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disposition, other dietary factors, and other environmental or 
lifestyle practices. Although the dietary information can be 
improved and the analyses can be refined, the results will not be 
independent of potentially confounding variables. Another se- 
rious limitation of the international correlational studies is that 
they cannot be independently reproduced, which is an impor- 
tant part of the scientific process. Thus, ecological studies have 
been useful, but they are not sufficient to provide conclusions 
regarding the relationships between milk or calcium consump- 
tion and colon cancer. 

Analytic Epidemiological Studies. Calcium. Analytic epide- 
miological studies that have examined the association be- 
tween calcium as a risk factor for colorectal cancer have 
been inconsistent. There is some evidence in support of a 
weak inverse association between relatively high intakes of 
calcium and risk of colorectal cancer (Table 1). Fifteen 
case-control studies (36-50) and eight cohort studies (51- 
58) have reported results for the association between calcium 
and colorectal, colon, or rectal cancer. Inverse associations 
were reported in most of these studies (36, 37, 39-41, 44, 
46-49, 51-58). but this was significant in only five of the 
case-control studies (37, 39, 44, 46, 49) and in one of the 
cohort studies (51). A positive, nonsignificant association 
was reported in five studies (38, 42, 43, 45, 50). Of interest, 
data from the large cohort studies are quite consistent in 
showing weak, nonsignificant inverse associations. How- 
ever, the dose-response relationships from these data are less 
impressive. In the large cohort studies in which a compre- 
hensive assessment of usual diet was used, the inverse as- 
sociations seem to result from a slight increase in risk in the 
lowest category of calcium intake rather than a reduction in 
the highest group (Fig. 2). It is also important to note that 
dietary data for three of the reported prospective studies in 
the United States (55, 57-58) were based on a food fre- 
quency questionnaire that has been shown to be reasonably 
valid in comparison with detailed weighted diet records 
(59-60). Furthermore, in both the Health Professionals Fol- 
low-Up Study (61) and the Nurses' Health Study (62), the 
same measure of calcium intake clearly predicted risk of 
kidney stones. 

Results of a recent meta-analysis report of analytical ep- 
idemiological did not support a substantial protective effect of 



calcium on colorectal carcinoma (63); the RR 2 for the associ- 
ation between calcium and colorectal cancer, based on data 
from 24 studies, was 0.86 (95% CI, 0.74-0.98). The authors 
conducted analyses in subgroups defined by gender, tumor site, 
study design, sources of control population, Western versus 
non-Westem countries, extensive versus nonextensive dietary 
assessment, type of calcium categorization, and publication 
bias. Based on these analyses, there was no evidence that these 
variables modified the relation between calcium intake and risk, 
with the possible exception of a somewhat stronger RR for 
proximal versus distal colon carcinomas. In light of the degree 
of heterogeneity among study results and the weak inverse 
associations, the authors concluded that the results of their 
analyses did not support the hypothesis that calcium prevents 
colorectal neoplasia. 

The inconclusive findings of analytic epidemiological 
studies may be partly due to misclassification of calcium intake, 
because the dietary assessment has usually been at only one 
point in time. In our study of women (58), data from three 
dietary questionnaires collected prospectively over 6 years 
were used to obtain two measures of long-term intake, the 
average intake and consistent intake (defined as high if women 
were in the upper tertile on all questionnaires and low if they 
were in the lower tertile on all questionnaires). To further 
characterize long-term intake, we conducted analyses excluding 
women who reported a substantial change in their milk con- 
sumption in the 10 years before the baseline questionnaire. The 
results did not support any major inverse association between 
calcium intake and risk of colorectal cancer. Although a weak, 
nonsignificant RR of 0.80 (95% CI, 0.60-1.07) was observed 
for the association of dietary calcium and colorectal cancer 
using the baseline dietary questionnaire, we saw no evidence of 
a dose-response relation (P for trend = 0.25). Data using the 
three dietary questionnaires did not indicate a clear association 
for calcium intake. After we excluded women who reported a 
substantial change in their milk intake, the RR for colorectal 
cancer for the highest versus the lowest categories of dietary 
calcium was 0.74 (95% CI, 0.36-1.50) for the average intake 
and 0.70 (95% CI, 0.35-1.39) for the consistent intake. Al- 
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Table I Summary of analytic epidemiologic s 
Study type Study population 
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" Relative risk for upper v 
*CR. colorectal. 
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RR" (95% CI) 

0.32 (P ^ 0.05) 

Colon: 0.76 (/> = 0.274) 

Rectum: 1.14 IP = 0.48) 

M: 0.86(0.4-1.7) 

F: 0.89 (0.5-1.6) 

Total: 0.77 (P = 0.16) 

Dairy: 0.83 (P - 0.27) 

Nondairy: 0.90 {P = 0.55) 

Total: 0.68 (0.41-1.11) 

Dietary: 0.95 (0.57-1.61) 

Supplemental: 0.66 (0.43-1.02) 

Total: 0.92 (0.64-1.24) 

Nondairy: 1.77(1.08-2.90) 

Dairy fermented: 1.14(0.77-1.68) 

Dairy unfermented: 0.71 (0.48-1.05) 

Total: 0.75 (0.48-1.15) 

Dietary: 0.81 (0.52-1.28) 

Dairy: 0.68 (0.42-1.09) 

Nondairy: 0.86 (0.50-1.48) 

Dietary calcium' 

l-lime: 0.80 (0.60-1.07) 
Average: 0.74 (0.36-1.50) 
Consistent: 0.70 (0.35-1.39) 

0.71 (NS) 1 * 

Colon: 1.34 (/> = 



m: 1.04 (/> 
)6(NS) 



= 0.48) 



NS 



tl (0.19 



).88) 



F: 0.50 (0.24-1.06) 
Colon: 0.88 (0.53-1.45) 
Rectum: 0.75 (0.39-1.45) 
Colon: I.I (0.8-1.6) 
Rectum: 1.0(0.7-1.4) 
M: 1.51 (0.94-2.44) 
F: 1.63(0.91-2.91) 



Colon: 0.85 (0.76-O.95) 
1.48 (NS) 

For a 295-mg increase 

M: 0.86 (0.77-0.96) 

F: 0.82 (0.70-0.96) 
Above verms below median' 

0.33 (0.10-0.94) 

0.52 (0.24-1.13) 

1.37 (0.87-1.42) 
CR: 0.84 (0.65-1.08) 
Colon: 0.73 (0.54-0.97) 
Rectum: 1.05 (0.75-1.49) 




' Reflects 90% CIs; diet history during previous 15 



though no significant trends were found, we could not exclude 
a possible beneficial effect of calcium because of the wide CIs. 

It might be argued that the weak or null findings for the 
association of calcium and colorectal cancer are due to insuf- 
ficient variation in intake of calcium. However, in our analyses 



of the average intake, the median dietary calcium values for the 
lower and upper categories were 445 and 1 1 1 1 mg/day, respec- 
tively. Results of other studies with null or weak inverse asso- 
ciations have also shown similar variations in intake of calcium 
(42, 48, 55-57). 
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0.53 (P £ 0.05) 
Colon: 1.23 (/• = 0.524) 
Rectum: 0.80 {P = 0.965) 
Total: 0.73 (0.45-1.18) 
Dietary: 0.98 (0.61-1.58) 
Supplemental: 0.67 (0.40-1.13) 
Total: 0.66 (0.42-1.05) 
Dietary: 0.88(0.54-1.42) 
Supplemental: 0.48 (0.22-1.02) 
Dairy: 0.75 (0.47-1.22) 
Nondairy: 0.66 (0.42-1.04) 
Dietary vitamin D" 

l-time: 0.84 (0.63-1.13) 
Average: 0.72 (0.34-1.54) 
Consistent: 0.59 (0.30-1.16) 
Total vitamin D 

l-time: 0.88 (0.66-1.16) 
Average: 0.42 (0.19-0.91) 
Consistent: 0.33 (0.16-0.70) 
0.74 (NS)' 

For a 108-IU increase: 
M: 1.10 (0.95-1.26) 
F: 1.08 (0.90-1.28) 
CR: 0.74 (0.58-0.95) 
Colon: 0.75 (0.56-1.01) 
Rectum: 0.73 (0.51-1.03) 



To address the possibility that an effect of calcium intake 
exists at the early stages of carcinogenesis, the role of this 
nutrient could be assessed in the development of the precursor 
lesion for colorectal cancer, the adenomatous polyp. Few case- 
control studies (64-67) and one prospective study of the 
Nurses' Health Study and the Health Professionals Follow-Up 
Study (68) have been reported in the literature. Nonsignificant 
inconsistent findings were reported in the case-control studies, 
and weak positive associations were reported in the prospective 



study. Thus, results of studies of adenomatous polyps do not 
support an effect of calcium in the early colon carcinogenesis 
sequence. This conclusion is also supported by the results of the 
recent meta-analysis (63), in which the summary RR using 
adenomas as end points from four studies was 1.13 (95% CI, 
0.91-1.39). 

Vitamin D. Epidemiolgic data on vitamin D and colorectal 
cancer are sparse (Table 2). Four (51, 55, 57, 58) of the five 
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prospective studies have reported inverse associations for die- 
tary vitamin D and colon or colorectal cancer, but this was only 
significant in the Western Electric study (51). In the Iowa 
Women's Health Study (55) and the Health Professionals Fol- 
low-Up Study (57), a significant inverse age-adjusted RR was 
observed for total vitamin D and risk of colon cancer, although 
this was attenuated and was no longer significant after multi- 
variate adjustment. Of the three published case-control studies 
of vitamin D and colon or colorectal cancer, two (45, 46) show 
inconsistent, nonsignificant findings, and one (48) reported a 
significant inverse association. It is interesting to note that 
stronger associations were seen when supplemental or total 
(dietary plus supplemental) vitamin D intake was considered. 

The results of our study (58) for vitamin D are somewhat 
suggestive of an inverse association with colorectal cancer. 
Overall, stronger inverse associations were seen for vitamin D 
than for calcium. In the analyses excluding women who re- 
ported a substantial change in their milk consumption 10 years 
in the past, the strongest RRs for colorectal cancer were ob- 
served for women who remained in the upper fertile of total 
vitamin D intake on all three questionnaires as compared with 
those who were in the lower tertile (RR, 0.33; 95% CI, 0.16- 
0.70). Similarly, a significant inverse association was observed 
for women in the upper versus the lower category of average 
intake of total vitamin D (RR, 0.42; 95% CI, 0.19-0.91). These 
results are consistent with published studies in which stronger 
associations were observed when supplemental sources of vi- 
tamin D were considered (55, 57). Because the protective effect 
seems to be stronger for total vitamin D, the possibility that 
something other than vitamin D in multivitamin supplements 
contributes to this apparent effect cannot be ruled out. 

In summary, results of published epidemiological studies 
suggest that higher calcium intakes are not associated with a 
substantially lower risk of colorectal cancer; however, the pos- 
sibility that calcium intake has a weak or modest effect on the 
occurrence of colorectal cancer cannot be excluded. The find- 
ings for vitamin D are suggestive of an inverse association, 
particularly for total vitamin D in relation to colorectal cancer. 
Additional investigations, in particular, prospective studies 
with extended follow-up and repeated measures of diet, are 
needed to more fully resolve these issues. Because the latency 
for aspirin use and diagnosis of colon cancer seems to be at 
least a decade (69) and that for cigarette smoking seems to be 
even longer (70-71), studies of diet and colorectal cancer will 
need to continue for at least several decades before an effect can 
be excluded with confidence. Further insight may be added by 
ongoing randomized trials. In the Women's Health Initiative, 
women are randomized to a combination of calcium and vita- 
min D or placebo (72). Because these two agents are completely 
confounded, any observed effect could not be attributed to one 
or the other. Furthermore, lack of effect could readily be at- 
tributed to insufficient duration of intervention. At least one 
randomized trial of calcium supplementation and recurrence of 
colon adenoma will soon be completed. If the epidemiological 
data were more clear in showing an inverse association, a 
significant reduction in polyp recurrence would strongly sup- 
port a causal interpretation. However, because the epidemio- 
logical data are not clear and polyp recurrence is a surrogate 
end point, a positive result from the recurrence study would 
reinforce the need for longer-term prospective studies with 
colorectal cancer as the end point. At this time, there does not 
seem to be justification for additional intervention trials of 
calcium supplementation. 
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